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Gudging by  r e c e n t  res -d ts  t h e  f e r r o e l e c E r i c  p r o p e r t i e s  
of b s r i m  titanate are  v e r y  s e n s i t i v e  t o  i m p u r i t i e s .  This leads 
t o  t h e  i d e a  t h a t  h e r e  we have t o  do w i t h  d i s t i x b a n e e s  which pro- 
dace changes I n  t h e  crystal. l a t t i c e .  

in t!?e c r d i n a r y  xethods o f  s t u d y i n s  the d i e l e c t r i c  con- 
s t z n i  by means c f  capac i t ,y  .neasare:rieEts, l j s ing  t h e  r e s c n a c c e  ne th iod  
a t  varic-l ls  f r e q u e n c i e s  and t h e  b a l l i s t i :  Tinethod at, c?-Star . t  :if?lc',s, 
t h e  r e s d t s  a r e  c n a r a c t e r i s t i c  of a s u b s t a n c e  JJfideryc-mg on the 
whole a c y c l e  cf p r o c e s s e s ,  

Fo r  an explanation cf the mechariism deper;ding pun t h e  
z r e a t e r  s u s c e p t i b i l i t y  of f e r r o e l e c t r i c s ,  i t  i s  03 i n t e r e s t  t o  
know i n  d e t a i l  how the t i n e  p r o c e s s e s  of d i e l e c t r , i c  p o l a r i z a t i c n  
t a k e  p l a c e .  Gclcfecke,l  by neans of  a r a t h e r  cumberFoine v a c u m  
tcrbe c i r c u i t ,  :nade a s i i n i l a r  s t u d y  of t h i s  t y p e  on t h e  p r o c e s s e s  
of depo1ar i za t i . cn  i n  Rochel le  sslt. Goldecke ' s  c i r c a i t  allcwed 
him t o  observe i n d i r e c t l y  such processes i n  d i s c r e t e  ?loments of 
t h e  . 

I n  t h e  p r e s e n t  work a s p e c i a l l y  z a n s t r u c t e d  oscillograph 
was zsed  to d i r e c t l y  produce a n  u n i c t e r 1 , u p t e d  r e c o r d  o f  the pro- 
c e s s e s  cf d i s c h a r z e  of a c a p a c i t y ,  w i t h  t h e  d i e l e c t r i c s  under  study, 
f o r  the a c t i v e  r e s i s t a n c e .  
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A f x . z t i ~ r z L  s c a l e  ctr, ~ l e x i g l ~ s  was used fsr denipher- 

r b s e r v a t i z n s  ofi t h e  plane e l i m i m s e d  t n e  influerice cf +,he 
ir.? ; s z i l l o s r a a .  The sequence af oy;eratisr,s i n  the t r e a t z e n t  
;f 

?:.e ::r.:?x EZTP,ET. r,f the t u b e .  
d ;  _ _ _  :t . , ' a r ~ i : r - . s  c , i  ;:.e c s c i l f c s r a n s  Q resalt i ir ,qj  f rox  the p r z _ i e e t i s n  or. 

-7 

L E  ;r.ier L C  ci;eck r e l i a b i l i t y  o f  tk-e r ,ae ra t i s r .  3f 
_ -  

h i l  +,;.e c ~ z ~ ~ z t i 3 r . s  t? ti;e apFar;t,:is acd ~ f , e  x o r k i c ~  ccr ,di t , icr .s ,  
2r.e + - n >  Jj,:llszraz val. ies sf :he dielec:ric c m s t a n t  of  t k e  bariixq 
t,l;ar,at~ sazp le  w e r e  c a i e A a t e d  f r o n  t h e  s lope  o f   he l i m s  cr. 
t h e  f i c a l  graphs ( s e e  Figs. l b ,  2b and t h e  s t r a i g h t  Line s e c t i g n  
3r. Fig* j b 7  a t  v a r i r i ~ ~  +e>peratures  i n  t h e  ranqe t o  164". 'Eye 
C G F V ~  araxn t 'nrszgh t h e  ca l cu la t ed  points, reprcdxces i n  d e t a i l  
:he pati; c c r r e s p o n d i n g  t o  t h e  curves  as  p l o t t e d  f r o 5  d a t a  obta ined  
ir+:,:c :ke . - r - l inary r e ~ c t r z r i z e  ne+,ki;od. 
z=r,sl;ar,t, 3f C a r i l m  :itar.atE: res , iL t ing  f'rcm adg-iistrrent ~dith t he  
c s s l l l p g r m  Lr-3 preser,:ed ir, t h e  t&tbie as  a f u n c t i o r ,  -f temperature 

c'r. 2 1 ~ ; s .  l a ,  2a and 3a t h e r e  a r e  s h c m  t h e  curves of t h e  
r ,  aAa-..Aar<e 4 - * r  I of  a i n  
tfie f ~ r x  ;f a d i s c  1 2  run in diameter  and 2 Mm t h i c k  f o r  = 12 MU. 
The ~ u r v e s  a r e  c i o t t e d  from po in t s  caken from t h e  osc i l logram,  as 
a r a i e  every  IxiO-3 sec .  There was no need t o  t a k e  p o i n t s  much 
c l - s e r  than t h i s ,  O n  t n e  v e r t i c a l  axes there i s  p l a t t e d  i n  mm, 
:?*e c c r r e c t e u  lengths corresponding t o  the o r d i n a t e s  o f  t he  o s c i l -  
Ir>;.,ram or! a flat szreen 2 0  x 3 0  w h e r e  1 fifgi co~~esp.3ni \ s  a+pmxi- 
x h t e l y  t o  1 . 5  v o l t  p o t e n t i a l  d i f f e r e n c e  ox t h e  condenser under 
s t i l d y .  

( s ee  t a b l e  on bot tom o f  pg. 810) 

c The va lues  cf :he d i e l e c t r i c  

R .  

caxple of a ceramic conder,ser o f  barium t i t a n a t e  

t o  --e- 

& x 10-2 --^.- 
"7 ihe curves cn Fig.  l a  r e f e r  t o  temperatures  below t h e  Curie poin t  
and t h o s e  o f  F ig ,  2a above the Curie po in t .  Separa te  on F i g .  3a 
a re  t h e  c u r v e s  f o r  temperatures  much above t h e  Curie p o i n t ,  where 
t h e  leakage and se l f -d i scha r se  of t h e  sample become apprec iab le .  
The curves o f  t h e  d i scha rge  o f  t h e  sample by i t s e l f  i n  t h i s  case 
are p lo tsed  on the  upper pa r t  of F i g .  3a. 
i n  t h i s  case  t h e  curves o f  d i scharge  of the  sample on an e x t e r n a l  
r e s i s t a n c e  a lso begins  t o  have s u b s t a n t i a l  p e c u l i a r i t i e s ,  The 

A s  w i l l  be shown below, 
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-1 . 
c u r v e s  above and below the  C u r i e  p i n t  a s  p r e s e n t e d  on r ~ g s .  l a  
and 2 a ,  i%lly conform t o  t h e  e q u a t i c n  

- t / R C  Vt = Vo e 

I n  f a c t ,  as shown ir, che g raphs  ( F i g s .  lb & 2b) t h e  re- 
l a t . i a n s  $n Vo/Vt  = 1 t a r e  q u i t e  l i n e a r  and proceed  s 5 r i c t l . y  

i iC 
from t h e  c o - o r d i n s r e  o r i g i n s .  T h i s  ne2.5, t h a t  d i r e c t l y  f r o n  
tne  mxnent a f  t h e  o r i g i n  of  t h e  d i s c h a r g e  s h e  b s r i u n  + , i t a n a t e  
condense r  a l r e a d y  e x h i b i t s  a l a r g e  d i e l e c t r i c  c o n s t a n t .  Then 
t h e  p o l a r i z a t i o n  rnechanistn d e t e r i o r a t e s  v e r y  q u i c k l y ,  and t h e  
d i e l e c t r i c  c o n s t a n t  does  not v a r y  d u r i n g  t h e  p r o c e s s  cf 5ischarTe. 
P r e c i s e l y  for t h i s  r e a s o n  barium t i t a n a t e  i n  c o n t r a s t  t o  R o c h e l l e  
s a l t  does n c t  have a lower  d i e l e c t r i c  c o n s t a n t  even a t  v e r y  h i g h  
f r e q u e n c i e s  a s  w a s  shown by d i r e c t  m e a s ~ r e n e n t s . ~ , 3  

h l y  c o n s i d e r a b l y  above t h e  Cur i e  p o i n t  do t h e  cu rved  
l i n e s  on F i g .  3 speak  f o r  t h e  appea rance  of a somehow o r  c t h e r  
r e t a r d e d  a c t . i v e  a e c h a n i s a  ci' p o l a r i z a t i a n .  I n  a l l  p r c b a b i l i t y ,  
t h i s  i s  an i n n e r  l a y e r  h i g h  voltat;e p o l a r i z a t i o n  which d e v e l o p s ,  
as w a s  shotcrn by Kosman4 f o r  a l a r g e  number i7f s o l i d  b o d i e s  a t  
s u f f i c i e n t l v  h i r h  t e n p e r a t u r e s .  Tnat t h i s  i n  f a c t  has t aker .  - 
p l a c e  i n  t h e  p r e s e n t  c a s e  .night  be i f i f e r r e d  f r c n  t h e  c s c i i l o s r a a  
of t h e  d i s 2 h a r . x  cf t he  saixple by i t s e l f .  Such ? s < i ' ~ c g x x n s  w r e  
t a k e n  down f a r  all t e m F  ratures s i m u l t a n e c u s l y  wi th  *-.le criischar5e 
c u r v e s  on t h e  e x t e r n a l  r e s i s t a n c e .  Hawever, above and bclow t h e  
Cur ie  p o i n t  a t  t e q e r a t u r e s  a s  shown on t h e  g r a p h s  of F i g s .  l a ,  
2a and I b  ani! 2b, f o r  a t i m e  of 0.02 s e c ,  EO s i g n s  of a s e l f -  
d i s c h a r g e  have a p r e a r e d  on the o s c i l l o g r a p h .  

As shown by t n e  measurements af hodakov 21; ta:: 5 ,  bs r -  
iun; t i t a n ' i t e  a t  t he  Cur ie  po in t  undergoes seine 1nweriKg. -..AS is 
probab ly  t h e  case  f rm t3,e p o i n t  o f  view d i s c u s s e d ,  as  a h r i i n e d  
fron; t h e  o s c i l l o g r a p h ,  The c a p a c i t y  a t  the Curie p o i n t  i c c r e a s e s ,  
and m t h i n s  unusua l  happen:: s i n c e  t h e r e  i:, l o s s  3 x - i ~ ~  t h e  <Er ie  
p o i n t  t r a n s i t i t > n .  

"h 1 

k l y  a t  s u f f i c i e n t l y  h igh  t e m p e r a t u r e s  fa r -  f rcx  t h e  
C u r i e  p c i n t  d o e s  t h e  s e l f - d i s c h a r s e  show' cn the zs?illJgrark 
s e t  ir, t c  FI 'ddwe a d r i f t  of t h e  d i s c h a r g e s  t h r c u g h  t h e  s t ; : . n :~~~es  
which g r d d u a l l y  d e v e l o p s  d u r i n g  f u r t h e r  r i s e  i n  te:nFer'atTL:re. 
T h i s  a l so  c r e a t e s  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  t h e  f o m a t  i c \ n  ?I' 
an  i n n e r  l a y e r e d  p o l a r i z a t i o n .  The c h a r a c t e r  cf t h e  phenxnenGn 
i n  R c c h e l l e  s a l t  i s  q u i t e  d i f f e r e n t .  
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On F i g .  4 i s  p l o t t e d  a l o s a r i t h m i c  g raph  c o n s t r u c t e d  
from t h e  o s c i l l o g r a m  d i scha rge  f o r  a r e s i s t a n c e  o f  1.45 M ohms 
f o r  a sample o f  Roche l l e  s a l t  40 x 40 x 6 m, c u t  from a s i n g l e  
c r y s t a l  p e r p e n d i c u l a r  t o  t h e  s i n g l e  f e r r o e l e c t r i c  ax is .  
p l o r a t i o n  i n  t h e  f i e l d  of t e m p e r a t u r e s  i n  t h e  reg ior !  above t h e  
2 u r i e  p o i n t  showed t h a t  above i t  beyond t h e  r e g i o n  of spontaneous  
p o l a r i z a t i o n  t h e  l i n e  i s  s t r a i g h t  a n d  p a s s e s  t h r o u g h  t h e  o r i g i n  
o f  t h e  c o - o r d i n a t e s ,  Iiere Rochel le  s a l t  shows i t s e l f  t o  be a 
d i e l e c t r i c  w i t h  s u s c e p t i b i l i t y  unchanged i n  t h e  p r o c e s s  of d i s c h a r  
and  w i t h  n e g l i g i b l e  l o s s e s .  On t h e  o t h e r  s i d e  o f  t h e  Cur ie  p o i n t  
a bending of t h e  l i n e  is  a t  once produced ,  and  t h i s  speaks  f o r  a 
d e l a y e d  a c t i o n  of  the  mechanism of p o l a r i z a t i o n .  
when one o b s e r v e s  t h e  dec rease  i n  s u s c e p t i b i l i t y  of i l J c h e l l e  s a l t  
a t  i n c r e a s e d  f r e q u e n c i e s .  

Ex- 

Th; ;  i s  e x p l a i n e e  

Barium t i t a n a t e  a l s o  has  a logarithmic graph  which i s  
s t r a i g h t  a t  tkLe beg inn ing  and t h e n  p roceeds  from t h e  c o - o r d i n a t e  
c r i g i n s ,  I'he n o t i c e a b l e  bend i n  t h e  cu rve  o n l y  becomes a p p a r e n t  
a f t e r  a c c m p z r a t i v e l y  l a r g e  i n t e r v a l  o f  t i m e  ( g r e a t e r  t han  5xlOl3 
s e c )  . This  i n d i c a t e s  a seccnd a d d i t i o n a l  mechanism o f  p o l a r i z a t i  
It is  p o s s i b l e  t o  show t h a t  t h i s  aechanisrn w i l l  xake i t s e l f  f e l t  
o n l y  a t  s u f f i c i e n t l y  low f r e q u e n c i e s ,  such  as  t h e  c a s e  i f  t h e  con- 
d e n s e r  should  be p e r i o d i c a l l y  r e c h a r g e d  i n  one d i r e c t i o n ,  as i n  a 
f i l t e r  c i r c u i t .  

The g raph  f o r  Rochel le  s a l t  i s  cu rved  a t  t h e  beg inn ing  
o f  t h e  d i s c h a r g e  and s t r a i g h t  a t  t h e  end .  P r o l o n g a t i o n  backward 
o f  t h e  r e c t i l i n e a r  s e c t i o n  o f  t h e s e  g r a p h s  d o e s  n o t  h i t  t h e  co- 
o r d i n a t e  o r i g i n s  Th i s  i n d i c a t e s  a c o m p a r a t i v e l y  l a r g e r  r e l a x a -  
t i o n  t ime f o r  t h e  p o l a r i z a t i o n  mechanism i n  Rochel le  s a l t  t h a n  t h a t  
cf' b a r i u m  t i t a n a t e .  

I n  this way i t  i s  once more confirmed t h a t  t h e  f e r r o -  
c l e z t r i c  p r o p e r t i e s  i n  b a r i u m  t i t a n a t e  a r e  e s s e n t i a l l y  d i f f e r e n t  
f r o 3  t h o s e  that. are found in Roche l l e  s a l t  and similar d i e l e c t r i c s .  

I n  c o n c l u s i o n  I wish t o  t h a n k  P r o f .  B. M ,  Vu1 f o r  h i s  
i n c e i - e s t  i r ,  t h e  work and f o r  d i s c u s s i o n s  o f  t h e  r e s u l t s .  




